We derive linearized Thiele S1,S2 equations for one-dimensional (1D) dipolar-coupled disks of finite disk number N, taking into account the potential energy modified by dipolar interaction S3,S4
for n =2, 3, … N-1,
for n =1
for n =N. ||  and   represent the interaction strength along the x and y axes (here x is the bonding axis), respectively. The asymmetry between ||  and   is due to the breaking of the radial symmetry of the potential energy of the isolated disks by their dipolar interaction.
Finally, the coupled force-balance equations for the entire system are given as
where n =2, 3, … N-1,
where n = 1, and
where n = N. In the numerical calculation, we set the values of H x,n and H y , n to zero, except for the case of the n th disk, where an excitation of vortex gyration is triggered by an external field (i.e., n=1, when triggered at the left disk, n= (N+1)/2 (for odd N) or N/2 (for even N), when triggered at the center of the array).
Note that the chirality dependence of the governing equation can be eliminated by multiplying C n to the core position vector X n of a given n th disk. For an arbitrary C configuration in a given chain, therefore, we can consider only the parallel and antiparallel p ordering between the nearest-neighboring (NN) disks. In this case, C n ·X n and C n ·Y n correspond physically to the -y and x components of the in-plane net magnetization S7 , respectively, which is induced by the shift of the vortex core from its center position; Eqs.
(S3-S5) can be regarded as the force-balance equations of the dipolar forces between the NN disks.
Using the above equations, for a certain value of N, we can numerically calculate there exists a standing-wave node (that is represented by no core motion in the middle disk)
for the ω 2 mode. This no-motion results in the absence of the ω 2 mode's peak in the frequency spectra of disk 2. While, for the case of N=4, the disappearance of specific mode' peaks in the spectra does not happen. The reason is because any node is no longer located inside any disk of the entire chain. Note that the nodes can be observed only at the condition
the nodes of standing waves are located inside the n th disk for the case where the constraint of 
C. Analytical derivation of dispersion for 1D infinite disk array
We derived an explicit analytical form of dispersion for a 1D infinite disk array using the linearized Thiele equation S1,S2 of motion, taking into account the potential energy modified by dipolar interaction S3,S4 between only the NN disks of parallel and antiparallel polarization and chirality ordering. For simplicity, here, we assume 1D arrays of infinite disk number, and do not take into account Zeeman energy induced by external field (see Supplementary Information A) . Then, the governing equation for the n th disk can be expressed as
Considering the phase difference between X n and Y n , the general solutions can be expressed
with a n =nd int , where d int is the center-to-center distance. Here X  and Y  are constants to be determined, whose ratio will specify the relative amplitude and phase of the gyrating effective magnetization within a unit cell.
Incorporating these general solutions into Eqs. (S6a) and (S6b) yields
According to the condition that the determinant of the 2×2 matrix is zero, the dispersion is given as
For the case of zero damping and for the given parallel and antiparallel p and C ordering, 
For all of the p and c orderings, the group velocity is zero at k=0 and k BZ . All of the individual cores at k = 0 coherently move together, while for k= k BZ standing-wave forms result in nodes at every disk. This analytical form indicates that the group velocity can be manipulated by the selection of constituent materials, the dimensions of each disk, the separation distance as well as the p and C ordering.
D. Phase relation of the net in-plane magnetizations between the NN disks
To understand the variation of dynamic dipolar interaction between the NN vortices with the p and C ordering, we qualitatively determine the phase difference between two magnetic dipoles, which is to say, the net in-plane magnetizations <M> of two NN disks. The <M n > of a given n th disk is induced by a shift of the vortex core from its center position.
From earlier work S7 , it can be simply expressed, in terms of chirality C and the vortex-core's
where X and Y represent the x and y components of the core displacement, respectively. Then, the effective magnetization in the n th disks for a certain mode of ω has the form  ŝin
where p n and ω denote the vortex core's polarization in the n th disk and the angular frequency for a given mode, respectively.  is the proportionality constant, which is determined by the analytical model of vortex structure, and
For simplicity, we set the initial phase of the n th disk to zero so that the initial orientation of <M n > at t=0 is in the -y (for C n =+1) direction, except for R=0.
From the general solutions shown in Supplementary Information A, since the phase delay of the vortex-core position between the NN disks is given as kd int for a certain k value, the effective magnetization vector in the n+1 th disk takes the form of
The phase ). Therefore, for k=0, if C n C n+1 =1 (-1), the initial phase difference between the neighboring disks' <M> has parallel (antiparallel) orientation along the y axis. In the case of parallel polarization ordering, since their relative phase is always the same, the neighboring disks' <M n > are in parallel (antiparallel) orientation along both the x and y axes, and thus the average dynamic dipolar energy is at the next-lowest (next-highest) level. On the other hand, in the case of antiparallel polarization ordering, the neighboring disks' <M n >, since their relative phase varies with time, are in parallel (antiparallel) and antiparallel (parallel) orientation along the y and x axes, respectively, and thus the average dynamic dipolar interaction energy is the highest (lowest), as clearly seen in Fig. 5b in the manuscript.
For k=π/d int , if C n C n+1 =1 (-1), the neighboring disks' <M n > are in antiparallel and parallel orientation along the y and x axes, respectively, for antiparallel polarization ordering, whereas they are in antiparallel (parallel) orientation along the two axes for the parallel polarization ordering. Thus, for the case of the antiparallel polarization ordering, the average dynamic dipolar energy is at the lowest (highest) frequency level, while it is at the nexthighest (next-lowest) frequency level for the case of parallel polarization ordering. , where m = 1, 2, … N. All of the dispersion curves are nonsymmetric with respect to k=0, because gyrations excited from the left-end disk of a given chain propagate towards the right-end disk. Due to damping, the spectral power in the k < 0 region is much stronger than in the k > 0 region, where the group velocities are positive in k < 0. For smaller N, such as N = 11, the quantization is very distinct, and a certain reflection from the right-end disk appears, leading to observable negative group velocities in the k > 0 region. As N increases, the mode gaps become smaller and reflections do not occur or are very weak, because the gyration propagation cannot reach the right-end disk. In contrast, for zero damping, the reflection of gyration propagations from the right-end disk results in comparable spectral powers with negative group velocities up to N=51. For N=101, since this numerical calculation is the case just for 500 ns duration, the vortex gyration cannot reach the right end of the array within the duration, and thus the reflection is not included in the data.
E. Dispersion for different
Accordingly, there is no spectral power in k > 0.
F. Supplementary movies

Movie S1
The movie shows STXM images of the coupled vortex-core gyrations in five permalloy disks (top row) and the trajectories of gyrating vortex cores in each disk, as extracted from experimental (middle row) and micromagnetic simulation data (bottom row).
Each disk has a diameter of 2 μm and a thickness of 60 nm. The center-to-center distance between neighboring disks is 2.25 μm (see Fig. 1(a) ). The polarization and chirality configurations of the chain are p = [+1,-1, +1, -1, +1] and C = [-1, -1, -1, -1, +1], respectively (see Fig. 1(b) . The out-of-plane magnetic contrast images are obtained by scanning transmission x-ray microscopy (STXM) on the center part (400 nm×400 nm) of each disk in time increments of 400 ps over a duration of 60.8 ns after application of a current pulse. A current pulse of 1.8 ns duration, which generates a magnetic field pulse of 2.4 mT, is applied through the stripline over the first disk in the chain, resulting in the shift of the vortex core in that disk. Correspondence and requests for materials should be addressed to S-K. Kim (email:
Movie S2
sangkoog@snu.ac.kr).
